The clay mineralogy of the soils developed on glacial till derived from Carboniferous igneous and sedimentary rocks, and from sediments of Downtonian, Old Red Sandstone and Permian ages is compared with that of the parent rock. The results show that a definite relationship exists between the different soil types developed on the till from each parent rock, particularly in the case of th~ sediments. The influence of pedogenic processes on the clay mineral distributions in the soil profiles is discussed.
INTRODUCTION
A detailed survey was carried out between 1950 and 1954 on the soils of an area in south-west Scotland (Sheet 22, Kilmarnock, of the Ordnance Survey, 3rd edition). Detailed chemical and mineralogical analyses were used to characterise the various soil types recognized in the area (Mitchell and Jarvis, 1956 ). An account is given here of the clay mineralogy of the main soil categories and their parent rocks, and an attempt is made to correlate the results with pedological differences in the soils.
It is generally accepted that the soil profile at any point is the expression of the interaction of five soil forming factors, parent material, relief, climate, vegetation and time (Jenny, 1941) , plus the effect of man's use. If one considers the way in which the effect of the first four factors varies with time, it is seen that while the infit~ence of parent material diminishes that of the other three increases. Since the soils of this country are comparatively young--dating from the end of the pleistocene period--the general importance of parent material in determining morphology and chemical constitution to a considerable extent, is readily explained. Parent material is thus the most satisfactory initial basis of soil separation for mapping purposes, the soils on one pat ent material being classified as an association. The local dominance of relief, climate and vegetation give rise to subdivisions of the association, which can usually be characterised by soil drainage categories. The broad similarity in the clay mineralogy of soils from each association is a justification of this classification, and at the same time the grouping allows one to assess the influence ofpedological differences on the clay fraction.
The region surveyed, covering 408 square miles, has a complex solid geology and is covered by a variety of superficial deposits. There is evidence in the area of three glacial movements from the north-west, west and north-east. That from the north-east has left the strongest stamp on the physiography, and for the origin and distribution of the soil parent material it is sufficient to bear in mind a northern dominance of the ice.
Superficial deposits, which cover most of the area mapped, include peat--both zonal and azonal, blown sand, raised beach, river and lake alluvia, glacial sand and gravel, hummocky moraine and glacial till. The majority of North Ayrshire soils are developed on glacial tills some of which are derived from a variety of rock types. Those ineluded in the present investigation are representative of the principal soil categories of the area.
The clay fraction (<1-4t, ) was separated from the parent rock and from each horizon of the soil profiles by sedimentation after dispersion with ammonium hydroxide; the rock samples were first ground in a mortar. All clay samples used for differential thermal analyses were peroxidised and equilibriated at 56% relative humidity (Mackenzie, 1956) .
The parent materials of the six soil associations investigated are al[ glacial till and are derived from the following parent rocks :--(a) basic and intermediate lavas of Calciferous Sandstone age, (b) Carboniferous Limestone Series sediments--predominantly sandstone, (c) Carboniferous Limestone Series sediments--predominantly shale, (d) Downtonian Sandstone, (e) Old Red Sandstone, (f) Permian Sandstone. The typical soils on each of these parent materials exhibit characteristic profile morphology. The major soil groups involved are brown forest soils of low base status, non-calcareous gleys, peaty podzols with iron pan and peaty gleys.
The results of the clay mineral analyses are shown in Table I . Calc(ferous Sandstone Lavas. Four soil types occur on till derived from these rocks: a brown forest soil, a non-calcareous gley, a peaty podzol and a peaty gley. The brown forest soil is developed on medium textured till, and the profile shows little horizon differentiation beyond an increase in organic matter at the surface, and irt stoniness at depth The uniformity in the physical morphology is reflected in the constancy of the clay mineralogy. The non-calcareous gley occurs where the texture is finer and consequently the drainage is poorer. Here the clay mineralogy shows a distinct change on going up the profile, dioctahedral illite and a 16-14 A mixed-layer mineral are replaced by dioctahedral vermiculite. The orange-red mottlings of the B and C horizons, characteristic of poorly drained soils, are seen to be due to lepidocrocite and goethite. The tendency for vermiculite to increase at the expense of illite is not clear in the peaty podzol but is obvious in the peaty gley soil. Although the soil of this association does not show montmorillonite in the clay fraction, two different samples of parent rock were found to contain this mineral. The kaolin mineral in this association seems to be fireclay mineral but the amount is too small for positive identification. The development of dioctahedral vermiculite at the expense of dioctahedral illite in these soils contrasts with the corresponding change in trioctahedral minerals formed in the soils of north-east Scotland. (Walker, 1950) .
Carboniferous Limestone Series, Sandstone and Shale. Two soil associations are developed on till derived from these rocks, one in which the sandstone predominates and one with a large shale content. Two soils on each, a brown forest soil with gleyed B and C horizons and a non-calcareous gley are described here. The thermograms of the soil clays and rock clays arc shown in Figs. 1 and 2 .
The clay fraction separated from the sandstone rock is mostly a well-crystallized kaolinite with some illite, a little chlorite, quartz and goethite. The fine fraction of the shale is 75% illite with some chlorite and only a trace of kaolinite. The two soil associations differ in their illite to kaolinite ratio and the coarser textured, with the larger proportion of sandstone, has more vermiculite, especially in the brown forest soil. Iron oxides occur in both soils on the finer textured till and in the gley soil of the coarser textured till. Although chlorite occurs in both rock samples it was not detected in the soils. Downtonian Sandstone. Two soils formed on till of Downtonian Sandstone origin were investigated. Both of these are organo- mineral soils but they are very different pedologically. One is a peaty podzol with iron pan developed on coarse textured till giving free drainage, while the other is a poorly drained peaty gley soil on finer textured material. The main component of the former is dioctahedral iIlite-vermiculite mixed-layer mineral, which seems to show a tendency to increase towards the surface at the expense of illite. In the peaty gley the mixed-layer mineral is not apparent, but there is a marked change from dioctahedral illite to vermiculite up the profile. The kaolin mineral in both soils is fireclay mineral and they both contain some chlorite. No crystalline iron oxides were identified in these soils although the B 2 layer of the podzol is obviously rich in iron and the B2g layer of the gley is strongly mottled. However, a strong background on the X-ray films suggests the presence of amorphous material. No sample of the parent rock was obtained from the locality of these soil profiles.
OM Red Sandstone. The till derived from the Old Red Sandstone sediments is moderately coarse to medium in texture and the two dominant soils are a brown forest soil with gleyed B and C horizons and a peaty podzol. The clay mineralogy of these is very similar to that of the parent rock and is essentially illitic. The illite is dioctahedral, but differs in its thermal properties from the usual illite in soil clays. This abnormal iUite appears to be a characteristic feature of all Scottish soils on Old Red Sandstone sediments so far examined (Mackenzie, 1954) . The illite in the brown forest soil is apparently replaced to a certain extent by vermiculite at the surface, while the kaolin mineral remains constant. Haematite is the only iron oxide present and occurs in all three horizons. The organo-mineral soil has the classical podzol features well developed, The illite concentration decreases markedly towards the surface, while the kaolin (fireclay mineral) increases correspondingly, the vermiculite content remaining unchanged. Haematite is absent in the leached A horizon but is present in the B and C horizons. Goethite also occurs in the iron-enriched B 2 layer.
Permian Sandstone. A brown forest soil with g/eyed B and C horizons was the only soil on Permian Sandstone till examined. The parent rock is essentially illitic and contains some montmorillonite. The latter mineral was not found in the soil, but the surface layers contain some illite-montmorillonite mixed-layer mineral, which apparently replaces some of the illite.
CONCLUSIONS
The Carboniferous sediments in this area give rise to soils with kaolin mineral contents higher than previously found in any other Scottish soils. The only soil profile examined showing a marked variation in this constituent is the peaty podzol developed on Old Red Sandstone till (Table I) in which a distinct increase towards the surface occurs. With very few exceptions, a decrease in illite from the basal horizons to the surface is accompanied by an increase in either vermiculite or mixed-layer minerals.
It will be noted that the percentages in Table I do not add up to 100% in all cases. Although this may be partly due to the presence of unidentified amorphous material, it should be borne in mind that the quantitative estimation of clay minerals by both X-ray and thermal methods is subject to considerable error. Nevertheless the results show not only that definite relationships exist between soil associations and parent materials, but also that pedological differences within the associations are reflected in the clay mineralogy. The similarity in mineral composition between the rock clay and the soil clay is more striking in the case of the sediments than for the igneous rocks. This is due to the fact that the pedological weathering of the sedimentary rocks is predominantly physical, whereas both chemical and physical processes are operative in soil formation from igneous rocks.
